Abstract. The cold stamping forming processes of the car transverse reinforcing beam were designed and analyzed using the CAD/CAE technology and related software. The numerical model of the car transverse reinforcing beam was established by the UG software, and then the model was imported into the DYNAFORM software to perform the finite element simulation. The obtained forming limit diagram and the thickness distribution diagram were adopted to analyze the feasibility of the forming process. The influences of different forming schemes and parameters (including blank-holder force, lubrication condition, drawing speed, etc) on the forming effect were investigated. In consequence, the reasonable process design and optimum parameters were acquired, which could reduce the tendencies of wrinkling, cracking and thickness reduction. And the optimum process parameters were obtained by orthogonal experiment to ensure the forming quality of the product.
Introduction
Sheet metal forming is critical in mass production, especially in the automotive and aerospace industries, in spite of its substantial equipment purchase and initial setup costs. Since the mid-1970s, important advances have been made in computer simulation and relative software for die design [1] . The rising demands for increasing safety and reducing weight of car bodies in the automotive industry have stimulated technological innovation in sheet metal forming [2] . The longer die design cycles restrict the vehicle renewal speed in a large extent and are difficult to meet the demands of the rapid development of automotive industry [3, 4] . Therefore, it has great importance for automakers to apply advanced die design technology during designing the forming process of automobile parts to reduce design cycle and cost.
The sheet metal forming is a plastic deformation process with large deflection and deformation. It involves the plastic flow and plastic hardening under the complex stress state during the stretching, bending and bulging, as well as the appearance of defects including wrinkling, cracking, springback and thickness reduction. In addition, the sheet metal forming is also a complex multibody contacting mechanics problem [5] . In traditional ways, designed by experience, dies need to be tested and modified for many times to meet the final requirement, thus wasting a lot of time [6] . Nowadays, with the development of CAD/CAE technology, more and more automakers are using it to probe the potential defects in the process of die design and manufacture.
Herein, the cold stamping forming processes of the car transverse reinforcing beam were designed and analyzed by using the CAD/CAE technology and related software. The effects of different drawing schemes and parameters (including blank-holder force, lubrication condition, drawing speed, etc) on the forming quality were investigated. Besides, the orthogonal experiments were applied to find out the optimum forming process parameters. The forming effects were evaluated according to forming limit diagram (FLD) and thickness distribution diagram. Based on the analysis results, the influence extent of each factor was shown and the feasible process solution was determined. The numerical model of the car transverse reinforcing beam is shown in Figure 1 . The material of the product is ordinary cold-rolled steel sheet ST13 with the thickness of 1.2 mm. The stress-strain curve of ST13 is shown in Figure 2 and its basic performances are shown in Table 1 . As the transverse reinforcing beam of the car, this product doesn't require excellent surface quality. However, in the final assembly stage, this product should be connected to other sections, so the punched holes in this product require higher positional accuracy. As shown in Figure 1 , this product is a shallow drawing part, and there are multiple mounting holes on it. Thus, punching procedure should be after drawing to ensure the precision of the holes. On the basis of technical analysis, the forming solution of the product was determined as following: blanking, drawing, trimming and punching. 
Process Analysis and Determination of Stamping Procedures

Determination of Drawing Process and Related Parameters
Whether to use blank-holder? Whether to set the blank-holder actually depends on whether to apply the blank-holder force or not. This paper adopted the method of controlling variable to determine this, that is, only the variable of blank-holder force was changed, while other process parameters were kept consistent. According to theory calculation and considering the material utilization, the blank size is determined to be 1240 mm×225 mm. Currently, the die gap is 110% of the blank thickness in practical production [7] . Herein, the die gap is 1.32mm. With the die gap (Z) of 1.32 mm and drawing speed (V) of 5000 mm/s, two groups of blank-holder forces (F) were designed. Group one: without F; Group two: with F of 2000 kN. The corresponding FLD is shown in Figure 3 . It can be seen from Figure 3 that, if there is no blank-holder force, there are serious wrinkling (purple areas in Fig.3a ) and flash defect, indicating the poor forming effect. In case of applying blank-holder force, as shown in Figure 3b , the forming effects are improved obviously. Plastic deformation appears in most areas of the product and wrinkling is reduced observably. The results demonstrate that the blank-holder is essential for the formation of the product. Thus, blank-holder force should be one of the parameters in the subsequent orthogonal experiment.
Selection of lubrication condition. In the drawing process, good lubrication plays important roles in avoiding drawing defects and improving formability. Here, three kinds of common lubrication conditions were designed. The first group is no lubrication with friction coefficient (µ) of 0.17. The second is solid lubrication with µ of 0.125. The third is liquid lubrication with µ of 0.05. With the drawing parameters of V=5000 mm/s, Z=1.32 mm and F=2000 kN, the FLD of three groups of lubrication conditions are shown in Figure 4 . It can be seen from Figure 4 that, the smaller the friction coefficient is, the smaller the cracking tendency becomes because the flow resistance of the material is lowered when the friction coefficient is smaller, which can improve the fluidity of the material so as to cause positive effect on the formability. Considering avoiding wrinkling and cracking, µ=0.125, that is, solid lubrication is a good choice. The results indicate that lubrication condition is vital for the forming of the product. And lubrication condition should be one of the parameters in the subsequent orthogonal experiment.
Determination of drawing speed. In the drawing process, the drawing speed has obvious effect on the forming quality. If the drawing speed is unsuitable, drawing defects such as wrinkling and cracking may appear. Thus, suitable drawing speed is needed to improve the forming effect. Three groups of different drawing speeds (V=3000 mm/s, 5000 mm/s and 7000 mm/s) were designed according to practical experience. With the drawing parameters of F=2000 kN, µ=0.125 and Z=1.32 mm, the FLD of three groups of different drawing speeds are shown in Figure 5 . It can be found from Figure 5 that drawing speed has certain effect on the forming effect. The area of plastic deformation becomes larger as the drawing speed increases. So the drawing speed should be one of the parameters in the subsequent orthogonal experiment. Orthogonal experiment of process parameters. According to the studies on the blank-holder force, lubrication condition and drawing speed, it can be found that all the forming effects are acceptable expect cracking and wrinkling, which can be improved by optimizing the combination of different process parameters. Considering the interactive influences of different process parameters, orthogonal experiment method was adopted to analyze and optimize the process parameters. The Wrinkling levels of orthogonal experiment factors were shown in Table 2 and the orthogonal experiment groups were shown in Table 3 [8] . The sorted orthogonal experiment simulation results were shown in Table 4 . According to the results of orthogonal experiment analysis, it can be found that: (1) The effects of the drawing parameters on the minimum thickness are in the order of lubrication condition>blank-holder force>drawing speed. (2) With the blank-holder force increasing, the likelihood of wrinkling decreases obviously. And with the drawing speed increasing, the tendency of cracking increases. (3) Based on the evaluation principles of minimum thickness, cracking area and the likelihood of wrinkling, the optimum scheme is group 4 (A2B1C2) and the corresponding FLD and thickness distribution diagram are shown in Figure 6 . 
Summary
The CAD/CAE technology and related software were applied to design and analyze the cold stamping forming of the car transverse reinforcing beam to acquire the feasible forming process and the optimal process parameters. The forming solution involves in blanking, drawing, trimming and punching. The optimal forming parameters of drawing procedure include: taking solid lubrication, die gap of 1.32mm, blank size of 1240mm×225 mm, drawing speed of 5000mm/s, blank-holder force of 2000kN. By the numerical simulation technology, the quality and accuracy of the die process design can be improved and tremendous time and cost can be saved as well.
